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INTRODUCTION 
We recently developed and tested a prototype ultrasonic 
nondestructive test instrument that produces unipolar stress 
pulses in pulse-echo mode. The use of unipolar pulses instead 
of bipolar pulses offers significant increases in bandwidth [ 1] . 
This new instrument should be useful in material processing, 
characterization and flaw detection and sizing applications 
over a range of flaw radii which are not accessible using 
conventional pulse/echo equipment[2]. 
DISCUSSION 
The overall design for the basic unipolar pulser receiver is 
shown in block form in Fig. 1. The design incorporates three 
commutating switches (i.e. only one switch is closed at a time) 
to generate and receive unipolar signals. The operation of these 
switches is controlled by a timing and drive card. The DC power 
supply has variable output from 0 to 1000V (continuously 
adjustable) and is used to trickle charge the transducer to a 
constant voltage level. This voltage is maintained for several 
tens of microseconds and then suddenly discharged. Thus, the 
unipolar prototype produces a squarewave stimulus during the 
transmit cycle, a necessary condition for the generation of 
unipolar pulses. On the other hand, the receiver amplifier has 
an input impedance of 10 kO, a necessary condition for the 
reception of unipolar pulses 
The operation of the prototype design is explained in the 
timing diagram shown in Fig. 2. During pulser operation, the 
first switch (S1) connects the transducer to the high voltage 
DC power supply. After the transducer is fully charged this 
switch is opened, isolating the transducer from the power 
supply. Next, the second switch (S2), which is connected in 
parallel with the transducer, is closed. This drains the charge 
on the ultrasonic transducer (which is essentially a capacitor) 
in less than 20 ns (nominal switching time into a purely 
resistive load is -10 ns). This produces a step function voltage 
excitation in the transducer, which in turn generates a unipolar 
pulse. After a short delay the second switch is opened the third 
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Figure 1. A block diagram of our prototype. The device consists 
of a variable voltage DC power supply, a Printed 
Circuit Board for the timing and drive circuitry, 
three PCB' s for the MOSFET switches, and a PCB for the 
high input impedance receiver amplifier. The 
decoupling elements are mounted on the PCB' s for the 
switches and are essential for unipolar operation. 
switch (S3) is closed connecting a high-input-impedance 
amplifier to the transducer. Since the first and second switches 
are held open during this time, the receiver looks into a high 
source impedance (-670 ohms = equivalent resistance of the 
receiver amplifier and S3 and its drive circuitry) as required 
for the reception of unipolar pulses. After receiving the 
reflected ultrasonic pulses, this third switch is opened; after 
an adjustable interval, the entire cycle is repeated. The 
switches are implemented using power MOSFETs. 
RESULTS 
Comparisons of our prototype and a commercial pulser/receiver 
have been carried out. These tests fall into three categories: 
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Figure 2. A timing diagram illustrating the operation of our 
prototype. 
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Figure 3. Th e experimental setup used to compare the bandwidth 
of our prototype pulser with that of a c ommercial 
unit. 
!)tests of relative bandwidth, 
2)tests of S/N ratio a nd penetration capability, 
3 )tests of fl aw s iz ing capability. 
Each of these tests will be described below. 
BANDWIDTH COMPARISONS 
The scheme used f or bandwidth comparisons is shown in Fig. 
3. A p l a nar bro a dband contact sty l e PZT tra nsd u cer i s d riv en 
by e ithe r our p rototype or a c ommercia l pul s e r /receive r. Th e 
first echo from the backwall of a 6 mm Styrene™ plate is 
digitized and Fourier transformed. 
The magnitude data obtained from each of these traces is shown 
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Figure 4. The magnitudes Fourier transforms of the two traces 
described in Fig. 3. The open circles are the data 
obtai ned using our uni po l ar prot otype ; the triang l e s 
a r e the d a ta ob t ain e d with a c omme r c i al unit. Us ing 
the 20 dB point s t o e s tablish the b a ndwi dth t h e 
unipolar p ro t o type exhibit s t e n times the bandwidth 
of the commercial unit in this measurement geometry. 
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Figure 5. A diagram showing the set-up used for the comparison 
of relative penetration capability in composite 
materials. 
in Fig. 4. At high frequencies the performance of both 
instruments is qualitatively similar. However, at low 
frequencies our prototype exhibits considerable enhancement of 
output energy. Using the 20 dB point to establish the bandwidth 
implies that the relative bandwidth (F_JF ... ) is improved by 
a factor of ten through the use of our prototype. Other 
measurements using different transducers have yielded an 
apparent relative improvement factors of up to 100. 
RANGE CAPABILITY 
Fig. 5 shows the scheme used to compare the penetration 
capability and S/N ratio of our fourth prototype with those of 
a commercial pulser. The set-up consists of a broadband 
transducer, an 8-mm styrene plate and a 0.25-in. graphite/epoxy 
composite clamped together with a C-clamp. This arrangement 
assures a fixed geometry which is essential for the fair 
comparison of the electronic characteristics of the two 
instruments. The 8-mm styrene plate is a buffer plate and serves 
two important purposes. First echoes returning from the 
styrene-composite interface are used as time markers to identify 
the echoes from the backwall of the graphite/epoxy composite. 
Second, these interface echoes are used to obtain equivalent 
gain settings on the two pulse/echo instruments. This is 
important since it is necessary to compensate for the 
differences in receiver amplifier circuitry used in the 
commercial pulser and the prototype. 
Fig. 6 shows a comparison of the time domain traces for the 
backwall echo obtained using the scheme shown in Fig. 5. In the 
top panel data obtained using a commercial pulser to drive the 
transducer are shown. The first pulse is the first echo from 
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Figure 6. Comparison of the time domain traces obtained from the 
set-up in Fig. 5. The top panel shows the time domain 
trace obtained using a commercial pulser/receiver to 
drive the transducer shown in Fig. 5. The bottom panel 
shows the time domain trace obtained using our fourth 
version prototype to drive the transducer. 
the styrene-composite interface. The second pulse is the 
reflection from the backwall of the composite sample. The third 
pulse is the second echo from the styrene-composite interface. 
In the bottom panel we see the data obtained using the unipolar 
prototype. The first pulse is again the first echo from the 
styrene-composite interface. Note that its peak-to-peak 
displacement is about the same as that of the first echo shown 
in the top panel of this figure; this indicates equivalent gain 
settings for both sets of measurements. The second pulse is the 
first reflection from the backwall of the composite sample. The 
peak-to-peak displacement of this echo is 8 to 10 times (20 dB) 
that of the corresponding echo obtained using the commercial 
pulser. This represents a significant improvement in penetra-
tion capability of composite structures. The third pulse in the 
bottom panel is the second echo from the styrene-composite 
interface. 
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Figure 7. The experimental setup used for comparison of flaw 
sizing capability of our final prototype and a 
commercially available pulser/receiver. 
FLAW SIZING COMPARISONS 
The experimental setup used for our flaw inversion compari-
sons is shown in Fig. 7. A 5-MHz center frequency, 0.5-in. 
diameter transducer with a 2 in. focal length is used in 
conjunction with either the commercial pulser or our unipolar 
pulser prototype. To obtain the experimental scattering 
amplitude two types of raw time domain traces are required. The 
first is a reference trace and is acquired by digitizing the 
front wall reflection from the LuciteTM sample. The sample-to-
transducer distance is set at 2 in, the focal length of the 
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Figure 8. A comparison of the average of five magnitude plots 
acquired using the final version of the unipolar 
prototype with the average of five magnitude plots 
obtained using a commercial pulser/receiver. 
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transducer, during acquisition of this trace. This separation 
is maintained for the acquisition of the flaw signal. One 
thousand time traces are averaged together for both reference 
and flaw traces in order to reduce noise. Both of these 
measurements have been carried out five times using both pulsers 
(the results will be discussed below) . These data are then used 
as input into an analysis algorithm, known as the measurement 
model whose output is the scattering amplitude needed for 
determination of flaw radius[3,4]. 
Fig. 8 is a comparison of the bandwidths obtainable using 
either our prototype or the commercial pulser to drive the 
transducer as shown in Fig. 7. The curves for each pulser are 
indicated by the labels shown in the figure. Above 1 MHz the 
two families of curves are essentially the same. However, fm'" 
of the prototype data is slightly less than one-fourth that of 
the commercial unit (using the 20 dB point to determine the 
bandwidth) 
Fig. 9 shows scattering amplitudes obtained using a 
commercial pulser. Five measurements of the experimental 
scattering amplitude for a 1000 ~m radius spherical copper 
inclusion embedded in Lucite~ were made as described above. 
These are plotted with a theoretical curve for the same quantity. 
We note that the experimental curves exhibit large scatter below 
0.8 MHz indicating a poor S/N ratio below this frequency. 
Fig. 10 shows scattering amplitudes obtained using unipolar 
pulser. Five measurements of the experimental scattering 
amplitude for a 1000 ~m radius copper inclusion embedded in 
Lucite ~ were made as described above. These are plotted with 
a theoretical curve for the same quantity. The experimental 
curves exhibit very little scatter down to 0.2 MHz indicating 
a good S/N down to this frequency. This is over four times the 
relative bandwidth obtainable with the commercial unit. 
Figure 9. 
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amplitude obtained using a commercial pulse/echo unit 
with the exact theoretical prediction of the scatter 
ing amplitude. 
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Figure lO.A comparison of five estimates of the scattering 
amplitude obtained using the final version of the 
unipolar prototype with the exact theoretical predic 
tion of the scattering amplitude. 
Deviations between the theoretical curve and the experimental 
data at lower frequencies are probably the result of, the 
breakdown of the measurement model in this frequency range and 
must be addressed through further theoretical work. 
SUMMARY 
A prototype unipolar pulse/echo instrument has been developed 
and tested. It features a significant improvement in bandwidth 
over that available in present instrumentation. In addition, 
this device opens up new possibilities in material processing 
control such as the characterization of two-phase systems, flaw 
sizing, and the evaluation of components where detection of 
acoustic impedance gradients is necessary. 
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